Introduction {#s1}
============

In the United States (US), non-alcoholic fatty liver disease (NAFLD) is estimated to be the most common cause of chronic liver disease, affecting between 80 and 100 million individuals, among whom nearly 25% have non-alcoholic steatohepatitis (NASH).[@b1] Although its etiology is unknown, NASH occurs in individuals who drink little or no alcohol and is typically associated with characteristic features of metabolic syndrome, such as central obesity, impaired glucose tolerance, high levels of triglycerides, and low levels of high-density lipoprotein.[@b2] Histologically, NASH is characterized by progressive hepatocellular injury, demonstrating hepatic lipid deposition, lobular inflammation, balloon degeneration, and fibrosis. NASH is a clinically progressive subset of NAFLD and may result in cirrhosis with risk of developing into hepatocellular carcinoma (HCC) and end-stage liver disease necessitating liver transplantation (LT).[@b3]--[@b5] Fortunately, simple steatosis, the more prevalent component of NAFLD, is non-progressive, but its clinical relevance is not well-defined.[@b1]

Due to the rise in obesity rates in the US and globally over the last two decades, the prevalence of NASH is expected to increase. NASH is currently the most rapidly growing indication for LT in the US and predicted to become the most common etiology for LT in the near future.[@b5]--[@b7] A recent study which utilized data from the United Network for Organ Sharing (UNOS)/Organ Procurement Transplant Network (OPTN) showed that in 2013, NASH became the second leading indication among adults awaiting LT in the US.[@b6] The aging of the US baby boomer (BB) generation---birth cohort 1945--1965---in the backdrop of the obesity epidemic poses increasing challenges in defining the optimal clinical management of this special population with NASH. The trends in NASH-related waitlist registrations for LT and liver transplant surgeries among the BB sub-cohort in the US remain unknown.

Methods {#s2}
=======

In our retrospective analysis, we evaluated adult patients (age 18 years or older) who were waitlisted for liver transplant surgery or underwent LT in the US from 2004--2015. Patients with acute liver failure, simultaneous listing for multiple organs, and re-transplantation were excluded. The etiology of chronic liver disease leading to liver transplant waitlist registration and surgery were determined based on diagnostic coding in the UNOS/OPTN database. NASH was added as a diagnostic code in the UNOS/OPTN database in 2001. Patients with NASH were estimated based on previously published criteria.[@b6],[@b7]

To determine the trends and frequency of waitlist registrations and surgeries in NASH-related LT among the BB birth cohort, we stratified our study population into three birth cohorts: 1) birth before 1945, 2) birth between 1945 and 1965, and 3) birth after 1965. We analyzed the trends and frequency of liver transplant waitlist registrations and liver transplant surgeries in these three sub-cohorts. The study time period was selected to restrict the analysis to Model for End-Stage Liver Disease (MELD) score era.

Approval from the Institutional Review Board was not needed at our tertiary care center and academic institution for analyzing data from de-identified national registry. Categorical variables were tested using chi-square tests. Continuous variables were tested using Student's t-test. All missing data were omitted. Statistical significance was met with a two-tailed *p*-value of \<0.05. All statistical analyses were performed using the Stata statistical package (version 10; Stata Corp. LLC, College Station, TX, US).

Results {#s3}
=======

Patient characteristics, demographics and other clinically relevant variables were compared and were found to be evenly distributed across the three birth sub-cohorts. From 2004 to 2014, the proportion of BB with NASH added to LT waitlist demonstrated an incremental growth as shown in [Fig. 1](#f01){ref-type="fig"} (60.6% in 2004, 70.6% in 2009, *p* \< 0.05; and 84.3% in 2014, *p* \< 0.05). Correspondingly, a decrease in proportion of listings in the post-BB cohort (those born after 1965) (36.4% in 2004, 23.2% in 2009, *p* \< 0.05; and 5.6% in 2014, *p* \< 0.001) as well as a steady uptrend in pre-BB cohort (those born before 1945) (3.0% in 2004, 6.2% in 2009, *p* = 0.754; and 10.1% in 2014, *p* = 0.568) was observed. Among liver transplant recipients with NASH, similar trends were observed with the proportion represented by the BB cohort rising from 63.5% in 2004 to 65.9% in 2009, *p* = 0.491; and 82.9% in 2014, *p* \< 0.001 ([Fig. 1](#f01){ref-type="fig"}). Overall annual trends in NASH-related waitlist registrations and LT showed a steady growth from 2004 to 2014. These trends were reflective of a dominant influence of NASH BB sub-cohort.

![Annual waitlist registrations for non-alcoholic steatohepatitis (NASH) and annual NASH-related liver transplants by birth cohorts from 2004--2014.](JCTH-5-193-g001){#f01}

We performed a sub-analysis on post-transplant outcomes on all patients undergoing LT during the study period and noted that 32.9% had body mass index (BMI) of ≥30 kg/m^2^. While patients in all obesity classes had similar survival to patients with BMI 18.0--24.9 kg/m^2^, the presence of concurrent diabetes mellitus resulted in significantly lower post-transplant survival. Patients with NASH were noted to have a higher prevalence of diabetes compared to other common etiologies of chronic liver disease.

We also performed a sub-analysis using OPTN/UNOS waitlist registration data from 2004 and 2013 to provide a perspective by comparing absolute numbers on an annual basis in patients with NASH. Furthermore, trends in annual waitlist registrations for NASH were compared with alcoholic cirrhosis (ALD) and hepatitis C virus (HCV) infection. Our sub-analysis showed that the waitlist registrants with NASH increased 170% (from 804 to 2174), while ALD increased 45% (from 1400 to 2024), and HCV infection increased only 14% (from 2887 to 3291). In 2013, NASH was the second-leading disease indication among liver transplant waitlist registrants, with HCV infection as the leading indication. The highest proportion of LT waitlist registrations for HCV-related liver disease was noted in BB cohort mimicking NASH trends noted above. Based on multivariate analysis, patients with ALD were less likely to die within 90 days when compared to patients with NASH (odds ratio = 0.77; 95% confidence interval: 0.67--0.89; *p* \< 0.001); and, patients with HCV infection had similar odds for 90-day waitlist survival compared with NASH patients.

Discussion {#s4}
==========

NASH-related waitlist registrations and LT continue to grow, with the BB cohort demonstrating an incremental increase in the rate for waitlist registrations and liver transplant surgeries. Due to the asymptomatic nature of most patients with NASH and lack of cost-effective screening protocols, identification of NASH sub-cohorts at risk for progression to end-stage liver disease requiring LT is warranted. Further studies are needed with a longitudinal design to identify risk factors in patients with NASH associated with progression to end-stage liver disease and necessitating LT. Given the strong association of NASH with metabolic syndrome and the growing obesity epidemic, NASH is increasingly being recognized as a major contributor to morbidity and mortality in the US.[@b8] Progressive liver damage due to NASH is more marked in patients with underlying insulin resistance and/or diabetes mellitus.[@b9] With NASH expected to become the leading etiology for LT in the US, targeted screening and intervention is necessary in at-risk sub-populations. Our study identified BB birth cohort as a sub-population at a high risk for NASH-related hepatic complications.

Globally, the prevalence of NAFLD has exceeded 25%.[@b10],[@b11] However, the reliance on current BMI cut-offs for defining obesity and subsequent risk of NASH has significant limitations. Several population-based studies have shown significant rates of NAFLD and/or NASH in non-obese patients with BMI \<30 kg/m^2^.[@b12] Prevalence studies in the non-transplant NASH population may not be applicable to patients awaiting LT with ascites as a confounding factor. Ascites contributes to BMI and is not corrected for in the UNOS/OPTN dataset. It is important to note that greater than 80% of new waitlist registrants for LT have ascites.[@b6] A large, prospective, multicenter study showed that ascites lead to frequent misclassification of BMI, with up to 10% of patients with Class I obesity (BMI 30--35 kg/m^2^) requiring correction into a lower BMI classification.[@b13] This may also lead to misclassification of other etiologies of chronic liver diseases such as NASH. Furthermore, duration and severity of malnutrition (hypoalbuminemia and muscle wasting) in the setting of end-stage liver disease may lower the BMI in patients with NASH.

The inherent limitations of registry-based data must be discussed. First and foremost, the assignment of primary and secondary diagnoses of chronic liver disease among LT recipients is based entirely on UNOS-coded data, and is not necessarily subject to valid confirmatory measures. As a result, errors in miscoding or errors in diagnosis entry may occur. However, as commented in previous studies utilizing the UNOS/OPTN registry data, any errors in diagnostic coding that have occurred are more likely to be non-differential in nature, favoring the bias in our analysis towards the null hypothesis. Our study is limited by its cross-sectional design. NASH as a diagnostic category was added to the UNOS database in 2001. In addition, greater awareness and recognition of NASH as a significant burden of chronic liver disease may have also led to more accurate diagnosis of NASH, and thereby may have contributed to some degree of selection bias during the study period. While our study utilized BMI ≥30 kg/m^2^ among patients with cryptogenic cirrhosis and unknown etiology to define our NASH category, it may underestimate the true prevalence of NASH. For example, there are racial/ethnic variations in populations at risk of NASH associated with increasing BMI, especially among Asians where overweight and obesity may be more accurately categorized at lower cut-offs compared to other ethnicities and may have further contributed to underestimating the true prevalence of NASH diagnoses. Furthermore, the presence of ascites may further complicate the true estimation of BMI among patients with cirrhosis. Finally, data on hyperlipidemia, other cardiovascular risk factors, and medication intake are not collected in the UNOS/OPTN database and remain a limitation of our analysis.

Conclusions {#s5}
===========

In summary, the increasing obesity epidemic has contributed to the rising prevalence of NASH and associated hepatic complications in the US. While HCV still remains the leading indication for LT in the US, NASH is the most rapidly growing indication for LT. Clinical implications of our observations are significant and will present the medical community with a management challenge of liver transplant evaluation in an aging population with increasing prevalence of diabetes. Although NASH and alcoholic liver disease had a noticeably similar number of LT since 2008, NASH remains the second leading indication for LT. Targeted commitment and resources are needed to halt the detrimental impact of NASH on at-risk sub-populations. We need to bolster our efforts to raise community awareness and institute primary prevention measures through support groups, educate healthcare providers at all levels to improve the earlier recognition and diagnosis of NAFLD, and alert stakeholders and policy makers to pay attention to the growing epidemic of obesity and related complications, such as NASH-related liver failure.
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